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Discussion of Norman E. Woldman's Paper
*COLD-WORKING OF HOLLOW CYLINDERS
by Auto-Fretvtage"

In view of recent advances in ldeae concerning the true
nhenomens of plasticity of metals the theories advanced 1in
the first part of the paper ares consldered superceded by
the newer and better eatablished ones. An exocellent
survev of the entire field 1s found in the work of Prof,.
P. W, Bridgeman, "Tha Physics of High Pressure®, and in
the book "Distortion of Metal Crystals® by C. FiElan,
Oxford 1935, with the beat theory and one which has the
eupport of several leadlng authorities, presented in
*The Mechanism of PlaAtic Deformation of Cryestals" by
G, I. Taylor, Froc. Roya) Eoclety, Vol. 148 No.AB856, 1234,

The author's dlagram (Fig. 7) and accompanying
discussion on Page 21, intended to depict the cheracteristic
behavior of material befors colds-work, after coldework, and
arfter stabalizing, are misleading. In the Alagram the

"After Cold-Working" ocurve should extend upward almost

to the yleld poesition of the "After lLow Temperature® curve.
This letter curve should be on the same modulue line as
the “As Rescelved” curve since there ie no change in the

=
modulue of elastlcity produced by coldeworking. -»In his

| discussion of the return of elaetic etrength by low temp.
heat trsatment the author appears to consider the terms
.
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"proportional® and *elastic" strength as applying to the
same condition, where as a matter of fact there 1s @
definite difference between the two. The act that a
material exhibits considerabls hyeteresis with no

evidence of propgrtionallty of etreass to strain is no
indloation thﬂt/lr not etill perfectly elscilc in the

senee that upon release of preseure applicationsvery close
to the final ccld-working pressure, the material will sti1ll
return to ite original after cold-work dimeneions. The
real effect of the low temp. or otnbﬁllzlng treatuent 1is

to bring about a return of proportionality of stress to
strain. This ic well 1llustrated in Filgures A anc B,
Flgure A shows typical stress-strain curves obtalned from
test specimens from a forged cold-worked cylinder in the
cold-worked condition and efter etabalizing for 8 and 8
houre. The curve noted as unstabalized shows the
charsoteristic hysteresis looping ~ith a very low preportional
limit. Stabalizing for & hours at 300°C has released a part
0f the hysteresis with a resultant increase in proportional
limit. The additlonal three houre or total of elght hours
soaking has completely stabalirzed the material and produced
a clearly defined proportional limit which is practically
equal to the elastic etrength of the material. Further
and mors comoreheneive eyldence of the resulte of
stabalization is indicated from the curves shown in Figure

B. Thase curves are plotted etress vs residuwl etrain from
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. readings obtailned by the use of extremely sensitive
};k (e instruments and ghow quite clearly that stabalization ;
after cold-working merely relleves hysteresias and brings
out & clearly defined proportional limit point. In thle
connection 1t may be well to note that the time and )
temperature required for complete stabalization will be :
found dependent to a large degree on the material f{t
K¢ composition. .3'
Regarding tne remarka in the first paragraph, vage 12, 1
contrary to the authoris statement, we have found that so |
long as the tempersature used is just sufficient for ) ;
stabalization and not high enough to produce & change . ?
in asterial microstructure, the only change in physical .';
1‘ properties produced is the elimination of hysteresis ;o
looping with the accompanying development of a clearly
defined proportional limit, no other property belng
-‘ | affected. ;J
In oconnection with the general subjeot of cold-working |

it mey be of interest to note that the inocreased elastio

strength produced by coldeworking either a hollow cylinder o

by radial expansion, or a rod or bar by longitudinal |
stretching, oan be readily predeteramined from the true-
strese curve obtained from the tension test of a single

specimen of the material, as shown in Figure C, These

wers obtained from a oylinder before cold-work and after




~—y A3 SO e b G M

-

\e

Aol el et WY LA Mo Jsiie stah ahukd dide Ablaiebialiagie bide Joie dlese dile dnui o Jent st S it St . SR St Siaat: i A et

eolé-work and stabilizetion. It will be noted that the
curve of the afler cold-work and soak condition super-
lzposss on the before cold-work ourve, at a distanee to
the right equivalent {0 an amount of strastohing or cold-
wornliy, of the Before e¢li~-work specimen equil %o that
givenr tha gylinder at the vosition from which the speliincn
was L.4en. The new proportional limit point indieating
the inorouassd elastic stirength prouucec. From such san
initial ourve 1t is possible t0 determine the elastio
strenstu &t any part of a ¢ylinder wall provided the
percentage permanent enlargemont at that partioculsr point
1s xnown,

The ourves noted in Figure C werw obtained froam
centrifugaily oast m:terd .l whioh acoounts for the large
arop &b the yield point. It has besn our experience that
this drop is definitely associated wvith the hot worked
conaition of the muturisl, that is, the presence of porosiiy,
volias, oto. The oondition when present 1s greatly reduced
in pugnitude and many times ocompletely oliminated by slight
sold-+soxyking.

I eoonolusion it e aesired to point Lo the fadt toel
for ull tae¢ large amouwnt of invesdtligative work whioh bhas
been done on the subjest of colde.working Lollow oylinders,
the true resson for the inoreased elassio sirengtih produced

has ot as yet been conoclusively estadlisbed. Further re-
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esarch into the new theories regarding the plastic do-
formation of orystals and the phenomena of stabilization -
by low tenperature heat treatment, will undoubtsdly lead |
to a oclarification of the entire subject. The paper as

presented,while it represents a review or survey of avail- ;J
able litersture, ocan conly therefore be gsonsidered as a X
summation of ideas whioh may be subjeot to shange at a fﬁ

later date,

H, C. Kann, ]
Senior Materiale Engineer o
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